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GRADUAL RELEASE STRUCTURES FOR CHEWING GUM 
FIELD OF THE INVgN^jTOfl | 

The invention is related to delivery systems 
for the gradual releaae of active agent* and processes 
for making such systems and ia particularly directed to 
delivery eyatema for uae in chewing gum that have an 
active agent that ia gradually raleaaad by direct 
interaction with a eolvent and malt apinning proceaaea 
for making auch ayatems. 

PACKORQUND OF THE jyVENTIOft 

The present invention! ia an advance in the 
art of delivery systems for the; gradual releaae of 
active agents. Thia invention bnablea an active agent 
to be gradually released through jthe direct interaction 
of the agent and a solyent eithfei within channels in 
the structure enclosing the actjlve agent or through 
exposure of the active agent toj the solvent when the 
structure enclosing the active agent ia deformed. 

Prior to the present invention, the gradual' 
releaae of active agents, such as drugs, could be 
accompli ahed by the diffusion of the active agent 
through an encapsulating material. A discussion of 
auch encapsulated structures is found in R. Dunn & D. 
Lewis, ribrous Polymers for the Delivery of Contra- 
ceptive Steroids to tlye Female R eproductive Iff act , 
Controlled Releaae of Pesticide^ and Pharmaceuticals 
125-46 (D. Levin ed. 1981), whith describee fiber-like 
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structures. Alternatively, an encapsulating shell 
around the active agent could be ruptured causing 
exposure of the active agent to varioua solvents. 

SUMMARY OF yHF! T^VFMTr^ 

A particular feature of this invention is to 
provide a gradual release structure having an active 
agent that ia gradually released through direct inter- 
action with a solvent. A further feature of this in- 
vention ia to provide a novel process for making such 
■tructures uaing melt spinning techniques. 

According to the invention a chewing gum is 
: provided which comprises a gradual release structure, 
j The gradual release structure ia. formed by melt 
j spinning a mixture of active agent and wall material, 
having mere than zero but leas tfian about 55 percent by 
weight active agent, into a fiber. If necessary, the 
fiber is then stretched. The fiber ia cut. A proceaa 
for making chewing gum is further provided which 
comprises the steps of preparing'; a gum baae, preparing 
a water soluble bulk portion, ank preparing a gradual 
release atructure. The gradual {release structure is 
made by preparing a mixture of active agent and wall 
material, having more tfcan zero but less than about 55 
percent by weight activ* agent. This mixture is melt 
spun into a fiber which is cut. The gradual release 
atructure, the gum base, and the water soluble bulk 
portion are combined. 

To aid in understanding the invention one ia 
directed towards the drawings and the detailed descrip- 
, tlon of the present preferred embodiment of the 
invention. i j 



1 



BRIEF DESCRIPTION OF THE D RAWINGS 

rig. 1 is an illustrat 
release structure in fiber form. 



on of a gradual 
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Fig. 1A is «n illustration of the gradual 
release atructure of Fig. 1 after if v. u 
to a solvent. ^ 8ub ^ c ^ 

f SEPM ) * ig ' I ^ * SC * nnin9 Electron Photomicrograph 
•nd side of a fiber. 

Fig. 3 lB a 5EPM of fl gradUmX MlMM 
atructure ahowing the; aide of a fiber. 

stru t. ^ 9a ' 4 & ' SEPM8 ° f a gr,dual r81 "" 
structure ehowing theiende of . flb - r . nd „», ^ 
tt4th i„ * • ilDor »nd the channels 

within the encapsulating structure. 

a fiber. ' ** ^ ^ ^f^ 9 ^ mnd « nd 

fly. 7 is a SEPM ahovflng the side of a fiber 
fiber. ?l9B ' 8 & 9 ***** ,h ° Wlng tte * nda of * 

Fig ' 10 18 * 9rBPh *T Wln * ^ffrences in 
•wetness over time between angulation and the 

3h.T al I^™ atrUC ^ r - of present invention 
when uaed in chewing gums. 

o™^^ ^ TIQM "t w " P "* ttLY ™ E ™"»" r -TTnrrrr 

An embodiment of a structure made in 
sccordance with the present invention i. . fiber having 
» support matrix. Thejsupport matrix is made up of a 
wall material. An actfve agent |i a diaperaed throughout 
the support matrix and^ay be li| contact with itself 
forming a contiguous phmee within the support matrix. 
The active agent, however, doea !not necaasarily have to 
be in a contiguous phase. The eijds of the support 
matrix have openings, exposing the active, agent. 
Additionally, the active agent nay be exposed along the 
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side, of the fiber. Thi 8 structure may be made by 
stretching an already formed fiber, it is believed 
that the stretching action ceuses the wall material to 
orient itself longitudinally. The amount of active 
agent in thi. structure is from about 10 percent by 
weight to about 55 percent by weight. It is believed 
however, that loading^ low as a fraction of a percent 
will exhibit gradual release characteristics. The 
loading of the structure i 5 influenced by the 
characteristics of the active agent and the solubility 
or extractability from the support matrix. 

After the fjpere are formed by melt spinning 
they may be stretched >y applying a draw, or stretching 
force, to the fibers. The draw can be applied at a 
winder or by venturi after the fibers exit the die 
Other method, of .treeing fibers known to the art may 
also be employed. 

In this structure gradual release of the 
sctive agent occurs when the fiber is brought in 
contact with a solvent- or dispersing media, for the 
active agent. The wall material is less soluble in the 
•olvent then the active agent and preferably the wall 
material should be substantially insoluble in the 
solvent under the conditions ini which the fiber is 
being used. •] 

It is preaen&y believed that the solvent 
first dissolves the acf ve agent in the openings at the 
ends of the support matrix, if the active agent is in 
a contiguous phase within the siipport matrix, the 
active agent in those openings is dissolved and spaces 
or channels in the support matrix are created. The 
solvent fills these channels and begins to dissolve the 
newly exposed active aejmt, which was in contact with 
the now diaaolved active agent located in the openings 
at end. of the support matrix. Thus, the length of the 
channels In the support* matrix gradually increases as 
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the active agent directly in contact with the aolvent 
la dieaolved. 

It ia presently believed that the aupport 
matnx doa. „ ot prevent the diaaolutlon of the active 
agent bec.ua, the active .g.nt i« in e contiguous 
ph.ae. R.ther, the support matrix aerve. to limit the 
rate of dissolution *y restricting the area of active 
agent in direct contact with the eolvent to the e„da of 
the channel, within 2the .upport matrix. Thua the 
solvent can gradual^ work i*. way into the fiber by 
following the continue phase of active ag. nt . 

Additiona4y, it is presently believed that 
depending on the 9t Jf fn... of the wall material making 
up the aupport matri|, the support matrix can be 
deformed to expo.e n|w surface areas of active agent 
and thus bring them jn direct contact with the solvent. 
For instance, when fiber, are incorporated into chewing 
gum as the gum is chawed the pressure from ehewing will 
flatten, stretch, and deform the fibers exposing new 



bo the aolvent. This 



aurfaee areas of active agent' 

gradual release by deformation should occur even if the 
active .g.„t i. not |n a contiguous phase. Higher 
molecular weight polymers use4 as wall material will 
not as readily exhibit thi. gradual release by 
deformation. For instance, it is believed that 
polyvinyl.cetate having a molecular weight greater than 
about 100,000 will not exhibit gradual release by 
deformation during gufe chewing. 

Furthermore^ it is theorized that if the 
active agent is not ih a contiguous phas« the 
deformation of the support matrix may create channels, 
similar to those described above, through which the 
solvent can be brought in contact with the active 
agent . ;i 

Finally, defending ate the wall material 
chosen, the active agent chosekj and the aolvent being 
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used an extremely small amount of the active agent may 
dissolve by diffusion through the wall material. 

Another embodiment of a gradual release 
structure made in accordance with the present invention 
is illustrated in Fig, 1. In this embodiment the 
structure is in the form of a fiber 11 having a support 
matrix 12. The support matrix is made up of a wall 
material. An active agent 13 is dispersed throughout 
the support matrix and is in contact with itself 
forming a contiguous ghase within the aupport matrix. 
The ends 14 and 15 of Ithe support matrix have openings, 
exposing the active agent. Additionally, the active 
agent may be exposed *long the sides of the fiber as 
can be seen in Figs. £ and 3. The active agent makes 
up at least about 25 percent of the structure by 
weight. -f ! 

Gradual release of the active agent in this 
embodiment occurs wheif the fiber is brought in contact 
with a solvent, or dispersing media, for the active 
agent. The wall material is less soluble in the 
solvent then the active agent ind preferably the wall 
material should be BU&tantialffy insoluble in the 
solvent under the conditions ij Which the fiber is 
being used. As illustrated in Fig. 1A, the solvent 
first dissolves the active agent in the openings at the 
ends 14 and 15 of the |upport matrix. As this material 
is dissolved spacee org channels 13a in the support 
matrix are opened. The solvent fills these channels 
and begins to dissolve the newly exposed active agent, 
which was in contact w|th the now dissolved active 
agent located in the openings at ends of the support 
matrix. Thus, the length of the channels in the 
support matrix gradually increaee as the active agent 
directly in contact with the solvent is dissolved. 

It is presently balieyed that the support 
matrix does not prevent the dlsfcolution of the active 
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•9/ent bac» u .« the active agent ia in . 
twase. Fig. 1 and lA. Rath*r- 

:r . . u-. t, »f , n^ tl , rr^ to . 

th. ,r„ gf actlv . t „ nt alrect » vl " r ^ e tlBS 

into th. £ lb . t by fonowm, th. co„tl, U ,u. ph.« ot 

».t ;:.rr- -p-*. „ l 
« i ;;*: M r: :;::r ' ,9en : cho " n - - «• 

l 4 * UBea a Bn *«U amount of the active 

w.» .ub 3 .et. a to . . olv . nt .j ^ „ tM h " 

channels 13 a where i 

ar« . iV 1 B " nt W * B dl««olved out 

»re ehown in these SEPM 8 . 1 

srtifi i 1 The * CtlV * Can be any "•^•l ««ch a. 

be -olid or in th. for* of powders, lncludino * " 
ancpemafd by spray dtylng technlqu „ er £^£ Wb 

. : :°:tuia ab ::x into r onto a 

silica, " 0lit *' carb °n black, pr porouil 
matrice.. Combinations of different 

the ..... • w***erent active agente i n 

«ie aama structure mav «i. n u. , 

™T"' ,ucr ^* e - w «4 . ' 

lid " f ' " 0ld ' t *"^ 10 ™ «— ri. 

chloride; b..„. sue .,, n », n .. ium hydM „ ld , .„„ ure> . 
flavor., .uch .. * r » y drl . d Mtunl or , ynth . tlc 
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adBorbod onto silica, and absorbed into maltodextrin,- 
flavor modifiers, auch aa thaumatin; breath freahenera, 
auch aa zinc chloride, encapsulated menthol, 
encapsulated aniae, zinc glucinate, and encapsulated 
chlorophyll; and medicaments. 

Care muat be taken to avoid the degradation 
of the active agent from high temperatures, shear, or 
other conditions, vh|ch may occur during formation. 
The wall material can be any apinnable aynthetic or 
nature polymer auch as polyethylene, polyvinylacetate, 
polyestera, chltoean, and copolymera and polymer blende 
of thee* polymers. The active agent and wall material 
muat meat the solubility requirements discussed above. 
Additionally, they must be imnjiscible with each other 
end capable of being uniformly dispersed when mixed 
together during the malt spinning procedure. 

The gradual release structures of the present 
invention can be used in chewing gum. Chewing gum 
consists of a gum base to which a water soluble bulk 
portion may normally be added. 

Chewing gum. bases generally comprise a 
combination of elastomers and resins together with 
plastlcisers and inorganic fillers. 

The gum base may contain natural gums and/or 
synthetic elastomers and reaint. Natural gums include 
both elastomers and resins. Suitable natural gums 
include, but are not limited ta chicle, jellutong. 
sorva, niapero"tunu, nlger gut^a, massaranduba belata, 
and cihiquibul. 

When no natural gums fare used, the gum base 
ia referred to as "synthetic" ajid the natural gums are 
replaced with synthetic elastomers and resina. 
Synthetic elastomers may include polyiaoprene, poly- 
isobutylene, isobutylehe-isoprene copolymer, atyrene 
butadiene rubber, a copolymer form Exxon Corp. under 
the designation "butyl, rubber, 'V and the like. 
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The amount^ of elastomer used in the gum base 
can typically be vaz^ed between about 10 and about 20 
percent depending oi* the specific elastomer selected 
and on the phyaical properties desired in the final gum 
base. For example, the viecoaity, softening point, and 
elasticity can be varied. 

Resins used in gum bases may include 
polyvinyl acetate, polyethylene, ester gums, (reain 
•■tera of glycerol), polyvinylacetate polyethylene 
copolymers, polyvlnyiacetate polyvinyl laurata 
copolymers, and polyterpenea . Additionally, a 
polyvinylacetate obtained from Monsanto under the 
designation "Celva" and a polytarpene obtained from 
Herculea under the designation "Piccolyte" may be used. 

As with? the elastomer, the amount of reain 
uaed in tha gum base can be varied depending on the 
particular reain selected and on the phyaical 
properties desired in the final gum base. 

Preferably, the gum baae alao Includes 
plaaticiaera aelected from the group consisting of 
fats, oila, waxes, and mixture fa thereof. Tha fats and 
oils can include fallow, hydrcgenatad and partially 
hydrogenated vegetable oils, «W cocoa butter. 
Commonly employed waxes include; paraffin, 
microcryatalline and natural waxes Bucn BB beeswax and 
carnauba. Additionally, mixtures of the plasticine 
may be used such as a mixture Lf paraffin wax, 
partially hydrogemated vegetable oil, end glycerol 
monoatearate. j 

Preferably,, the gum base alao includes a 
filler component. The filler component is preferably 
selected from the grojip consisting of calcium 
carbonate, magnesium iarbonate- talc, dicalcium phos- 
phate and the liica. fhe filler may constitute between 
•bout 5 to about 60 percent byj weight of the gum base. 
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Preferably, the filler comprises about 5 to about 50 
percent by weight of the gum base. 

Further, gum bases may also contain optional 
ingredients such as antioxidants, colors, and 
emulaifiers. 

These ingredients of the gum base can be 
combined in a conventional manner. In particular, the 
elastomer, resins, pjasticlrers, and the filler are 
typically softened b| heating, and then mixed for a time 
sufficient to insurers homogenous mass. The mass can 
be formed into slabs] 1 or pellets and allowed to cool 
before us« in making chewing gum. Alternatively, the 
molten mass can be used directly in a chewing gum 
making process. 

Typically, the gum base constitutes between 
about 5 to about 95 percent bv weight of the gum. More 
preferably the insoluble gum base comprises between 10 
and 50 percent by weight of the gun and most preferably 
about 20 to about 35 percent by weight of the gum. 

In general, a chewinjg gum composition typi- 
cally comprises a water aolublie bulk portion added to 
the water insoluble chewable gum base portion. The 
flavoring agents are typically water insoluble. The 
water soluble portion]; dissipates with a portion of the 
flavoring agent oyer a period of time during chewing, 
while the gum base portion is retained in the mouth 
throughout the chew. 

The water soluble portion of the chewing gum 
may further comprise softeners, sweeteners, flavoring 
agents and combinations thereof. Softeners are added 
to the chewing gum in order to optimiee the chewability 
and mouth feel of the gum. Softeners, also known in 
the art as plasticirers or plajticiiing agents, gener- 
ally constitute between about 0.5 to about 15.0 percent 
by weight of the chewing gum. j Softeners contemplated 
by the preaent invention include] glycerin, lecithin, 
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and combination* thereof. Further, aqueous sweetener 
aolutioha such a* '.those containing sorbitol, 
hydrogenated .tar oh hydrolysates, corn syrup and 
combinations thereof may be used as softeners and 
binding agents in:.the chewing gum. 

Sugar peeteners generally include saccharide 
containing component a commonly known in the chewing gum 
art which compriierbut are not limited to sucrose, 
dextrose, maltoag, dextrin, dried invert sugar, 
fructose, levulo|s, galactose', corn syrup solids, and 
the like, alone y in any combination. Nonsugar 
sweeteners can include sorbitol, mannitol, and xylitol. 

ingredient^ jeuch as colors, erauiai- 
utical agents may be added to the 



•1/ chewing j gum is manufactured by 
ig the various ehawing gum ingredients 
available mixer known in the art. 
its have befcn thoroughly mixed, the 
irged from the mixer and shaped into 
luch as by rolling into sheets and 
IB, extruding into chunks or casting 



Option 
fiers and pharm 
chewing gum. 

In ge 

sequentially ad 

to a commerciall 

After the ingre 

gum mass is dis 

the desired form 

cutting into sti 

into pellets. 

Oenera*y, the ingredients are mixed by first 
melting the gum biee and adding it to the running 
mixer. The base lay also be melted in the mixer 
itself, color orleiiiulsifierB may also be added at this 
time, a softenerf such as glycerin may also be added at 
this time along with syrup and* a portion of bulking 
agent. Further * Irtions of tje bulking agent may then 
be added to the m|x.r The flavoring agent is 
typically added wfth the fined portion of the bulking 
agent. t 

- f ; 

The ant; re mixing procedure typically takes 
about fifteen mini tea, but lonfear mixing times may 
sometimes be rmqw red. Those ^killed in the art will 
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r.e=„l„ «,« „, ny , :V . rl . tlon . of tl)< d ..„ lb , d 
procedure may ba followed. 

Cradu.1 r.l..,. .tructur.. Out .mbody th. 

"dxtur. of .ctlv. .o.„t and wall mat.*.! i«o . „ b . r 
known th. a« and ar. da.crlbad m 

(Hllay Int.rn.tion.r M1 tio„,|2 n d). „hlch i. incor- 
porate haraln b, rafaranc l„ thl. proc... . .uxtur. 
- • Polymar for th. „.u m . t . rl>1 ^ _ ^ ^ 

.\ .otrr j n powd ? r ° r peii,t »""^« 

Ph..* Jh. conc.ntr.tlcn „ , etlve , wt 

in thl. »l»tur. tt ^ ^ „, p „ tI01 „ * 
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"Hty of u.ln, lt ln t^. ^ ' '^ 
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Model l^fiS \— ^a plH.ry pW w .»., 

A Modal 112S In.fcron CepiU.ry Rheomer.r 
with capillary hole diameter of 152 micron. v.. u.. d to 
extrude fiber., .The barrel diameter v.. 3/8 inche. 
The di. had a Length to diam.ter ratio of 0.083 and had 
1 hoi.. i„ thi., application of the process 
L-a.p.rtyl.L-phe|yl.la«i„. methyl eater (Aspartame, v.. 
u-ed a. the acti*. .gent. A polyvinylacetate (PVAc) 
having « molecular weight from about 50,000 to bo,ooo 
was choaen as that wall materiel*. 

Thi. laboratory scale Capillary Rheom.t.r 
could not provide!, enough mixing action during 
extrueion. Thue,| prior to extrusion, .ample, were 
pre-blended by t# m.thode. m one method, pvac wa. 
di..olv.d in Met#lene Chlorid. <CH. CI.) at room 
temperature, and |hen Aepartam. waa mixed into thi. 
■olution. The solvent wa. evaporated overnight under 
vacuum at 60«c to |; fora a .olid m.t.ri.l. ihis material 
wa. ground to a piwder to facilitate addition into the 
rheometer. ° 

Thi. method la Indicated in Table 1 a. 
"Solution Blended^" In the ot£ier method, .ample. „.r. 
prepared for extr&ion by dUe^y blending the 
Aspartame with a aolym.r melt ^ the well material m a 

O'c. The bl*nd waa dried under 
ebout 5 hours' to remove water. This 



heated beaker at 
vacuum at 60 Q C fo 
method la indicate 
Using 

material and the 
amount, of Aepart 
used for the., .x 
Table 1. The Jet 
b.ing meltepun in 



in Tabl. 1 



a. "Melt Blended. 



se two method, of mixing the wall 
frtlve agent, fibers with varying 
were produced. The parameter. 
>lea are set out in .the following 
>eed is the speed of the material 
*e cepillary. 
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TABLE 1 



Example 1) 

Aspartame 
17 wt. % 
in PVAc 



Temp. 



140°C 



(Solution Blended) 



Example 2) 

Aspartame 

17 wt. % 
in PVAc 

(Solution Blended) 



Example 31 

Aspartame 

17 wt. X 
in PVAc 

(Melt Blended) 



150 °C 



140°C 



J»t Speed 

(m/min) 



5 
10 
20 
50 
100 



5 
10 
20 
SO 
100 



5 
10 
20 
50 



Extrusion 
Load (Jcaf l 



13 
IB 
32 
57 
76 



18 
23 
34 
51 
68 



41-59 
23-68 
45-113 
68 



Example 4,\ 

Aspartame 140 °C 

29 wt, X 
in PVAc 

(Solution Blended) 

Example 5) 

Aspartame 150°C 
29 Wt. X 
in PVAc 

(Solution Blended) 



Example 6) 

Aspartame 140°C 

29 wt. X 

in PVAc 

(Malt Blended) 



Example 7) 

Aspartame 140 °C 

35 wt. x 
in PVAc 

(Solution Blended) 



5 
10 
20 
100 



5 
10 
20 
50 
100 
200 
500 



5 
10 
20 
50 



13 
16 
20 
52 



9 
13 
17 
25 
36 
50 
59 



5 32 
10 45 
20 90-180 
50 lass than 180 



14 
17 
25 
36 
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Example B ) 

Aspartame 140°C 5 10 

35 wt. % io i 2 

in PVAc 20 18 

(Solution Blended) 50 27 

100 41 

200 55 

Example 9) 

Aspartame 140°C 5 36-41 

35 wt. % 10 54-64 

in PVAc 20 113-136 

(Melt Blended) 50 272-363 

Table 1, shows that fche spinnability of PVAc 
blends was good and not highly dependent on the 
Aspartame loading level. The e*trudatea of 
PVAc/Aspartame blends shown in|dable 1 were brittle at 
17% Aspartame loading. Brittleness increased as the 
Aspartame loading level increased. The diameter of the 
extruded fibers due to die swell wss slightly larger 
than the capillary, which was 152 microns. 

The extruded fibers were gently ground with a 
mortar and pestle. The diameter to length ratio of 
these ground fibers was narrowly distributed with no 
major breakage of fibers along the longitudinal direc- 
tion. 

Figs. 2 through 5 are SEPMs of fibers having 
29% by weight Aspartame in PVAc th»t were prepared by 
the solution blending technique described above and 
extruded at 150°C. Figs. 6 through 9 are SEPMs of 
fibers having 17% by weight Aspartame in PVAc that were 
prepared by the melt blending technique described above 
and extruded at 14Q°C. Both samples were extracted 
with water as the solvent for four hours. The spaces 
shown in the SEPMs are places flrom which Aspartame was 
dissolved. Figs, 8 and 9 show Ithat at 17% loading, the 
solid particles of ^Aspartame are isolated in polymer. 
Thus, Aspartame coijjld not completely dissolve out into 
the water without further physical breaking of the 
polymeric structure. At 29% loading, Figs. 4 and 5, 
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however, the solid particles of Aspartame formed a 
contiguous phase as illustratad in Fig. 1. Thus, 
channel* in the encapsulating structure were opened and 
the Aspartame was gradually released, until virtually 
none remained. 

Thia result is demonstrated by chew out data 
given in Table 2. fbhewing gums having a formulation 
of: 



* bv welcrht 
; 49.5 
Base 25.5 
9.1 
8.0 
6.3 
0.2 

Flavor peppermint) ! 1.4 

\: . 

were prepared wlthlfibers havinjgjl7% loading and 29% 
loading. The »yru§ in the gum (consisted of 67% by 
weight Lycasin solids, 5.36% by Weight yater, and 



Ingredient 
Sorbitol 
Stick ' * 
Syrup 
Mannitojf 
Glycerine 
Lecithin 



27.14% by weight 
using the above U 
Aspartame instead 
chewed by five vo] 
different chewing 
analysed by High 



lycerin. A control gum was prepared 
nulation with the addition of free 
the fibers. The gums were then 
iteers. Cum cuds were collected at 
limes and Aspartame concentration was 
irformance Liquid Chromatography. 



TABLE 2 



Type of fiber 
used in gum 

Control 

Aspartame/PVAc 
17% by wt. 



% Aspartame; in Cum After: 



1 0 win. 

i 

t 0.18 



0.11 



6.11 



! 



;Q "in- 
0.06 



0.11 



20 win. 
0.02 

0.10 
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Type of fiber 

Aapartame/PVAc 
29% by wt. 



% Aapartame in Gun After; 

o »4n* ? ?,o mini 



0.18 



0.15 



0,14 



20 win. 



0.12 



The contirol gums contain free Aapartame. The 

k 

PVAc/Aapartama gum* (17% by wt. Aspartame) contained 
fiber a of the typ* shown in Figo. 6 through 9. The 



FVAc/ Aapartame g\jps (29% by wt. Aapartame) contained 
fibers of the typ«| shown in Figs . 2 through 5 . Aa 
shown in Table 2 the release ot Aspartame from the 



fiber loaded at 1 
rate from the fib< 
Aapartame from th 
alower than the c 
sample. 

Liquid 



was much slower than the release 
loaded at 29%. The release rate of 

fiber loaded f at 29% la significantly 
ltrol, but iujter than the 17% 



analysis was carried 



romatograpl 

out gn the fibarsfspun at 140 °C 'and at 150*C in 
examples 1 througfi 9 to determine the amount of thermal 
degradation of Aspartame occurring during the melt 
spinning process IpLscussed above. At 140*C thermal 
degradation of Aanrtame is less than 10%. At 150°C 
the percent thermfiL degradation of Aapartame approached 
20%. i 

The residence time of Aapartame/polymer blend 
in the Capillary Hheometer uaed to prepare the above 
samples was about twenty minuses. In production scale 
spinning, residence time coul<# be reduced to around 20 
seconds to two miauteB. This jwould greatly reduce the 
degree of Aspartame degradation. At 90° - 100"C using 
a twin sqrew extruder at 2 mirages residence time, no 
degradation is observed. 



Twin Scy yw Extruder 



type LSM 30:34 twin screw 



In Examples 10-23 a 
extruder from American Lelstritz Extruder Corporation 



it 
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i : 

f 

was used to produce? the fibers- Generally, a 
homogeneous mixture* of wall material and active agent 
in powdered form were poured into a hopper on the 
extruder. The hopper feed acrewa which forced the 
] mixture through heated flections of the extruder, 
' melting the polymer! and then through a die. The die 
coniiete of a plur^Lity. of holes having a specific 
diameter and length. Upon leaving the die the fibers 
were stretched by either drawing them with a winder or 
by blowing air pas^ them with aj^nturi. 

The twin-screw extruder consisted of two sets 
of eight element arrows, Thesel screws can operate in 
an intermeshing fa&lon in either a co-rotational or a 
counter rotational Jode. These screws can function as 
kneading elements «: conveying elements ♦ For the 
following examplesffour kneading elements alternating 
with four conveying elements were used. Other 
configurations erej&oasible and will depend on the 
process conditionaifcnd the types of material* being 
melt spun and the degree of mixing required. 
| The twinlocrew extrudje* used in the following 

\ examples was divided into eighll atones. The temperature 
of each zone was controlled. Frfc example, a mixture of 
50 percent by weig|t FVAc with a molecular weight of 
about 30,000, 25 percent by wadlght FVAc with a 
molecular weight of about 15,0C0j and 25 percent by 
Aspartame was melt?! spun to produce fibers. Operating 
the extruder with | 1 mm die having 5 holes at 30 rpm, 
resulted in the production of 3 pounds of fiber per 
hour. The following temperatures in degrees centigrade 
were used for eacwzone? 
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Zona : 

1' 
.»" 
2 

Feeding 'or hopper zone 

2 



3 
4 

5 
6 

7 

Die or 

Operatii 
5 holes at 333 
pounds of fiber p« 
in degrees centi< 



1 



kBt sone 



Isssu. 

85 
95 
95 
95 
95 
95 
95 
102 



the extruder with s 1mm die having 
resulted in the production of 50 
hour. The following temperatures 
ide were used for each zone: 



Temp. 



Feeding »r hopper zone 



4 

5 
6 
7 

Die or last zone 



85 
97 
97 
97 
97 
97 
97 
102 



In the 
diameter of 1 mm 
had 5 holes and hi 
4. The 0.3 mm dii 
length ratio of 2 
examples were talc 
zones on the exti 



>1 lowing examples dies having a 
id 0.3 mm were used. The 1 mm die 

a diameter to length ratio of about 
jhad 34 holes and had a diameter to 
The temperatures : set out in these 

from an average of all heating 
ler . 
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Example lof Using a 1 mm die, fibers having 
10X by weight Ac.eul|.m-K (« high intensity sweetener 
purchased from Hoechf, of W. Germany) as the active 
agent and having PVAe with a molecular weight of about 
50,000 - 80,000 as th.e wall material were extruded at 

110-115'C. The fibe|» drttwn bv a wind ' r * nd hftd * 

thickness of 0.2-0.3|mm. The Ace«ulfam-K particles 
dispersed very well In the fibers and the fibers 
exhibited a gradual feleaae of the active agent when 

chewed alone. 1 

Example IS Using a 1 mm die, fibers having 
25X by weight Acaau|fcam-K as the active agent and 
having PVAc with a j|>lecuUr weight of about 
50,000-80,000 as thf wall material were extended at 
\ iio*c'. The fibers &re drawn by; a winder. The fibers 
were between 0.3-0.| mm in thieves. The Acesulfam-K 
particles di sper sed|very well inf the fibers and the 
fibers exhibited a |radual release of the active agent 

when chewed alone. * : ; 

Example if. Using a 3 im die, fibers having 
10X by weight Aspartame as the afctive agent end having 
PVAc with a molecullr weight of I about 50,000-80,000 as 
the wall material Jre extended fat 100'C The fiber, 
were drawn by a wilier and had a thickness of 0-2-0.3 
nun. The Aspartame lieperaed very well in the fibers 
and the fibers exhAited a gradual release of the 
active agent when <^ewed alone. 

Using a 1 mm die, fibers having 
tame as the active agent and having 
ir weight of about 50,000-80,000 as 
ire extruded; at 100 B C. The fibers 
inder and haiiia thickness of about 
0.2 mm. The Asparfcme disperse aj very well in the 
fibers and the "blrs exhibited* #n excellent gradual 
release of the actfye agent whe^ijchewed alone. 



Example 
10% by weight Aspai 
PVAc with a moiecuj 
the wall material 
were drawn by the 
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Example 14, Using a 1 mm die, fibers having 
35% by weight Sodlqm Saccharin as the active agent and 
having PVAc with a 'molecular weight of about 
50,000-80,000 as the wall material were extruded at 
100°C. The fibers^were drawn at the winder and were 
0.4-0.5 mm thick, jphe Sodium Saccharin dispersed very 
well in the fiberef although the fibers were softer 
than those of examples 10-13. The fibers exhibited a 
gradual release of the active agent when chewed alone. 

Example i5 , Using a .1 mm die, fibers having 
35% by weight Sacciarin Acid aif the active agent and 
having PVAc with afmolecular wii^ht of about 
50,000-80,000 as tie wall material were extruded at 
10b°C. The fiber sfwere drawn it 1 the winder and were 
0.4-0,5 mm thick, flhe Saccharin! Acid dispersed very 
well in the fiber, falthough th* jfibere were softer than 
those of examples |o-13. The fibers exhibited a 
gradual release of|the active agent when chewed alone. 

Example 16. Using a'llmm die, fibers having 
6.13% by weight Nill, 3.87% by weight XC1 as the active 
agents and having §VAc with a molecular weight of about 
30,000 as the wall! material were extruded at 113 °C 
The fibers were drawn at the winder and were 0.12 mm in 
thickness. The Naffl and KC1 particles were dispersed 
in the fiber. Thef fibers exhibited good gradual 
release of the active agent when chewed alone. 

Example 17. Using aN mm die, fibers having 
6.13% by weight N^|l, 3.87% by [weight KCl as the active 
agents and having fVAc with a Molecular weight of about 
15,000 as the wallf material wejre extruded at 90°c. The 
fibers were drawn f^y air blowi ag and were 0.12 mm in 
thickness and wereL slightly we fHer than the fibers of 
Example 16. The fibers axhibi :$d a gradual release of 
the active agent v&en chewed aL^ne. 

Example Is. Using a I mm die, fibers having 
24.52% by weight W CI, and isj.48% KCl by weight as the 
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active agent* and having Allied Chemical PE 735 as the 
wall material were extruded at 85-90°C. The fibers 
*- were 0.96 nun thick and were drawn by air blowing. The 
I fibers exhibited gradual release of salts, 
] Example IS, Using a 1 mm die, fibers having 

25% by weight Diamoiiium Phosphate as the active agent 
and having PVAc with a molecular weight of about 
50,000-80,000 as the wall material were extruded at 
10O a C. The fibers were drawn by air blowing and had a 
thickness of 0.20 {0-38 mm. | j 

Example 210. Using a I mm die, fibers having 
25% by weight NaF as the activet agent and having PVAc 
with a molecular might of 50,000-80,000 were extruded 
at 90-lOO a C. The $>bers * ftre drawn by air blowing and 
had a thickness of fO.18 - 0-25 mm. 

Example £l. Using a 1 mm die, fibers having 
25% by weight Mg (|^) 2 « 1:216 *c**ve *a«nt and having 
PVAc with a molecufar weight of about 50,000-60,000 as 
the wall material ^ere extruded at 90-100°C. The 
a fibers were drawn by air blowing and had a thickness of 
I 0.25 mm. S' 

! Example %2. Using a 1 mm die, fibers having 

25% by weight Aces^lfam-K as th(e active agent and 
having PVAc with alinoiecular weight of about 30,000 as 
the wall material |ere extrudecj at 90-100°C- The 
fibers were drawn %y air blowirw^and had a thickness of 
0.a3mm. The fiber ^exhibited ttjeibest release 
characteristics ofvthe example^, j 

Example |.3. Using a 0,3 mm die, fibers 
having 25% by weight Aspartame as the active agent and 
having PVAc with afmolecular weight of about 
50,000-80,000 as the wall material were' extruded at 
90-lOO Q C. In makipg the fibers of thia example prior 
to extrusion the PVAc and Aspartame were premixed in 
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methylene chloride, following the solution blended 
method described above. The fibers were drawn by a 
winder and had a thickness of 0.127 nun. 

Gradual release fibers having the same 
formulation aa thoae of example IB (24,52% NaCl and 
15.48% KC1 as active agents and PE 735 as the wall 
material) were incorporated into gum having the 
following formulation: 

Ingredient i , * bv weight 

Sugar 54.9 

Stick Base 19.3 

Corn Syr^p 16.8 

Dextrose Monohydrate 7 . 3 

Glycerin 0-65 

Fruit Flavor 0.8 
Fibers - ,0-25 

Thin gum was chewed by a panel [of sensory experts who 
found that the gum: was sweeter in the intermediate chew 
in addition to longer lasting fllfvor than a control gum 
of similar formulation which dad^not contain gradual 

release fibers. I H 

f ! 
Similarly, gradual release fibers made in 

accordance with thf present indention were incorporated 

into a gum having ^he following ingredients: 

Ingredient 



Stick Bappe 25.5 

sorbitol 44.7 

Manitol 8-0 

i i * a - 

i I Syrup $,rl 
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Ingredient 



* bv weight 



Glycerin * 
Lecithin 
Brown Color 
Mint Flavor 
Water 
Fibers ? 



6.3 
0.2 

o.os 

1.4 
4.05 

0.7 



The eyrup consisted? of 67% by weight Lycaein solids, 
5.36% by weight water, and 27.14% by weight glycerin. 
The active agent in : : the gradual release fibers was 
Aspartame loaded att 33% by weight. 

This gum vao chewed bji a panel of sensory 
experts and found to have superi 



: or sweetness lasting 



when compared to a control gum of j similar formulation 
that did not contaija gradual release fiber*. 

Chewing «uns were preipajred having the 
following general formula: 



Ingredient 

Sugar 
Base 

Corn Syrvipp 
Dextrose 
Glycerin 1 
Spearmint Flavor 
Brown Co|pr 

i *l •■ 

i\ £ -r. 



ttf bv wight 



50.76 
20.68 
16.86 
10.15 
0.94 
0.56 
0.05 



g m 

. 1 In 



above formula 0.3% 
the first gum, the 



To three J"guma having 
by weight Aspartame was added 
Aspartame was contained in gradual release fibers 
having 25% by weight loading ofi Aspartame and a wall 
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material consisting of PVAc having a molacular weight 
of about 15,000. In the second gum, the Aspartame was 
contained in gradual release fibers having 25% by 
weight loading of Aspartame and a wall material 
consisting of 50% (by weight of the total fiber) PVAc 
having a molecular weight of about 30,000 and 25% (by 
weight of the total fiber) PVAc having a molecular 
i weight of about 100,000. In the third gum the 

Aaipartame was encapsulated by the encapsulation methods 
disclosed in U.S. Patent Application S.N, 134,948, 
filed December 18, 1987, A fourth gum of the above 
formula was prepared t° which no Aspartame was added. 

Ten expejrt panelists [w^re asked to chew 
samples of the above four gums lapd rate the sweetness 
of each gum over a 20-minute period. Sweetness ratings 
were taken after the first half minute of chewing, the 
first full minute of chewing and each full minute 
thereafter. This lata is depicted graphically in 
Fig. 10. Analysis! of this data shows that chewing gums 
containing gradual! release structures exhibited 
significantly improved sweetness in the final chew when 
compared to the other two gums. Particularly, the 
sweetneas levels 1m the gum containing the gradual 
release structures*; began to increase after 9 minutes of 
chewing while the |pth[§r gums' jweetness was declining. 
Accordingly, a gui| containing jbdth encapsulated 
sweeteners and gr^iual release! sweeteners could be made 
to obtain the ben<|cits of bothj delivery systems in the 
same gum. The encapsulated sweetener providing 
sweetness during t$he initial ah4 intermediate part of 
the chew and the gradual releajse Btrueture providing 
sweetness during Ifee final chetr] Additionally, the 
data in Fig. 10 illustrates thfe ? difference in release 
rate between fibefs having different well material. 
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Many variations of the invention suggest 
themeelvee to thoseUkill«d in the art in view of the 
i above disclosure without departing from the spirit and 
scope of this invention. 



as 
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I CLAIM: 



I 

V!- 



1. A ch«wing|guni which comprises i 

a gradual release structure formed by melt 
apinning a mixture of active agent and wall material, 
having more than *ero but leee than about 55 percent by 
weight active agent, into a fiber, and cutting the 
fiber. | 



2 . The chewij 
is stretched. 



gum of clajm. 1 in which the fiber 



3. The chewil 
agent la aspartame 



gum of claim 1 in which the active 



4. The chewinl gum of claJjm 1 in which the wall 
mstsrial i. polyvimy J.cetate having a molecular weight 

of about: 15 nnn .1 I j 

> i ; 

gum of claikil in which the, wall 
|*cetate having a molecular weight 



of about 15,000. 

5. The chewli 
material is polyvljj 
of about 30,000. 



6. The chewin| gum of clai|i .1 in which the wall 
material is polyvinyl acetate having a molecular weight 
from about 50,000 & about 80,000. 

gum of claim 1 in which the wall 



7. The chewi? 
material is a blet 
molecular weights 

8. The chewij 
raleasa structure 

9. The chewii 



•gent is a high int hsity sweetener. 



l! of polyvinylacetates having 

'.°* : ; ftbout 15 ' 000 to •bout 80,000. 

f - " v ; 
■ ; i 

igui of clalnj 1 in which the gradual 
|a»s throijgh a 60 mean ecrian. 

in which the active 




WO 90/12511 



28 



PCT/US90/0M30 



10. The chewijjg gum of claim 1 In which the active 
agent la til tame, f 

11. The chewing gum of claim 1 In which the. active 
agent is Aceaulf am|x. 

f 

| -.i 

12. A proeeea|fdr making chewing gum which 
comprises the atepf 0 f : 

a. preparing, a gum base; 

b. preparing! a water |o)luble bulk portion; 

c. preparing a gradual releaae structure 
which comprises the| atepa of: 

Jjp«P*ring a mixture of active agent 
and wall material, Saving more thfn zero but lesa than 
about 55 percent bjweight active agent; 

ii. Welt spinning the mixture into a 
fiber; and, I 

iii. l cut ting the fiber; and, 

d. combining. the gradual releaae structure, 
the gum base and th£ water soluble bulk portion. 

ir # * 

13. The process of claim U in which the active 
agent la Aspartame, 

ii .„• }■ 
J i • 

. 14. The procea| of claim 12? in which the wall 
material is polyvinvlac*tate having a molecular weight 
of about 15,000. f T t I 



In which. the wall 



15. The process- of claim 12 
material is polyvinj&acetete hav|ng a molecular weight 
of about 30,000. f I i 



■ ■:>' 



16. The process^ exclaim 12 in which the wall 
materiel la polyvinjlacjtate having a molecular weight 
from about 50,000 tof about 80,000. 



533-4£5-5?51 
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17. The proc*ae of claim 12 in which tha gradual 
release structure^,* p. a a through a 60 mesh screen. 



The Pro|ess of claim 12 in which tha wall 
u,-_--. o£ poiyvinylacatatas having 



18. 

material is a blej 

V- ^ - • -j- — — «smd nnving 

molecular weights!^ about 15,000 to •bout 80,000. 



19. The profess of claim 12 in which tha active 
agent ia a high intensity sweetener. 

. i 

The prosW of cUim 12 in which the active 



20. 

agent i B Alitsme.' 



21, The pro 
agent la Acesulf 



►ss of claim 12 in which the active 
K. 



22. A procei 
gradual release si 
preparit 
preparing 
preparim 
material, having f 
about 25 percent b 



|or making a chewing gum having a 
^ure which comprises the steps of; 
.«|gum base 4 i 
faster sol-la bulk portion; 
Immixture ojf 'Aspartame and wall 
fll. about 10 percent by weight to 
Wright ABpajr^ame; 

fiber; 



malt spilling the mixture to form a 
atretchi* the fiber; t ■■ 
cutting $ • fiber; and,, 



combining 
portion una graduaj 



23, The procei 
material is polyvin % 
of about 15,000. 



the gum base, water aoluble bulk 
■reieaae structure. 



'°f clal » 22 in which the wall 
acetate haying a molecular weight 
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24. The proems of claim 22 in which the wall 
material is polyvinylayetate having a molecular weight 
of about 30,000. 



25. The process of claim 22 in which tha wall 
material in polyviriwlaeatate having a molecular weight 
from about 50,000 to about 80,000. 



26. The proee^ of claim 22 in which the wall 
material ie a blend* of., polyviny|ajcetatas having ■ 
molecular weighta ffrom about 15,000 to about 80,000. 



27. The procei| pi claim 22 in which the gradual 
release structure qan pass through a 60 mesh screen. 

^7 -' ' f 



4 r 



3^ ^3:13 333-445 — 751 

*! ) 
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mnmm> cuomb 

!»e International Bureau . 
igufet 1990 (27.08.90) ; 
)-ll, 13-16,1 1B-21 and 23-36 amended r 
la unchanged (4 page*)] 



i 

r 



1. A chewij 
a gradui 

spinning a mixtua 
having more than 
weight active agei 
fiber. 

2. The chi 
ie 8 tr etched, 

f 3- The chi 
active agent compi 

4. The chi 
material comprlsi 
weight of about 1! 

St The chi 
material comprlsi 
weight of about 3i 

6. The ch« 
material compriai 
weight from about 

7. The chi 
material comprise, 
molecular weights 

8. The chi 
gradual release a1 
screen. 



gum which comprises: 
release structure formed by melt 
j.of active agent and wall material/ 
but leas than about 55 percent by 
into a fiber, and cutting the 

fng gum of claim 1 in which the fiber 

gum of c >a[im 1 in which the 
aspartai >a\ 



| gum of c 
fpsiyvinylac 



gum of c 



&Lm 1 in which the wall 
tmte having a molecular 



aim l m which the wall 
Lyvinylacutate having a molecular 

| gum of claim 1 in which the wall 
iiyvinylacftata having a mplecular 
lv|oO to about 80,000. 

i ! 



%|gua of ctakm 1 in which the wall 
upland of lojLyvlnylacetateB having 
""'w about IS, POO to about 80,000. 

i 

i|;;gum of claim 1 In which the 
cture can fats through a 60 mesh 



9. The chet 
active agent compi 



fig ^gum of cMn 1 in which the 
tea a high Intensify sweetener 
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10. The chewing gum of claim 1 In which the 
active agent comprieea all tame. 



11. The chewing gum of claim 1 in which the 
active agent comprieea Aceaulfam-K. 



12. A proceef Utr making chewing gum which 



coppriSM the stew of: 
/; a. prmarlng a gumjbese; 



b. 



prejparing a watJr' soluble bulk portion; 
preparing a gradual release structure 



which comprises th| steps of: 



and wall material ,1 having more 
about 35 percent b|r weight act 



preparing i mixture of active agent 



than zero but less than 
ve agent; 



fiber; and, 



d. 



ii. melt spinning the mixture Into a 



lli| cutting the fiber; and, 
combing the gradual release structure, 



the gum base and tl|e water soluble bulk portion. 



4 



13. The proems e of claim 12 In which the active 



agent comprises Aspartame. 



14* The proc 



!of claim 



17 in which the wall 



material comprises^ polyvinylacftate having a molecular 
weight of about 15, 000 ♦ 



13. The proclsa^of claim 



material comprises 
weight of about 3( 

16. The pre 
material comprise 
weight from about 



12 in which the wall 
poiyvlnylacitjate having a molecular 

I 

Wof claim 12 in which the wall 
jpojyvinylacitate having « molecular 
$0,000 to abeut 80,000. 
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J 

17. The proves, of claim 12 in which the gradual 
release .tructury^ paa. through a 60 mesh .creen. 

18. The profeef of claim 12 m which the wall 
material C0 »prl..| « ibl.nd of polyvinylacetate. having 
molecular weight.|*»m about 15,000 to about 80,000. 

19. The pro»«|i of clai«| 12 in which th. active 
agent comprises «|* gh intensity sweetener. 

20. The Pro$.» of clalmfl2 in which the active 
agent comprises as tame, 

21. The prc*f.._ 0 f claim 12 in which the active 
agent comprise* Apfeulfam-X. 



22. 



A procei 



gradual release b1 
preparij 
preparlhi 
preparing 

material, having fr 

about 25 percent b) 
melt ap 
stretch 
cutting 
combinl 

portion and gradu 

23. The proc 
material comprises; 
weight of about 15, 



for making a chewing gum having a 
icture which comprises the steps of r 
a gum base; 

jle bulk portion; 
^Aspartame and wall 
percent by weight to 

rtame; 

lure to form a fiber; 

J water soluble bulk 
icture . 

s bt claim %2 in which the wall 
•ol^vinylace^ate having a molecular 
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1 ; 24, The process:: of claim 22 in which the wall 
material comprise* po|yv-inYlaceiate having a molecular 
weight of about 30,000. 

25. The process of claim 22 in which the wall 
material comprises polyvinylacetate having a molecular 
weight from about 50,000 to about 80/000* 

26. The procass «f claim 22 In which the wall 
material comprises jt blend of piliyvinylacetatco having 
molecular weights from about 13,000 to about 80,000. 

27. The procmea of claim 22 in which the gradual 
release structure can pas a through a 60 mesh screen. 
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